ABSTRACT Campylobacter is regarded as the most common bacterial cause of gastroenteritis throughout the world and most cases of human campylobacteriosis can be traced back to the consumption of poultry meat. In Brazil, few studies evaluated the genetic relatedness among Campylobacter isolates. The aim of this research was to evaluate the genetic diversity of Campylobacter spp. isolated from poultry meat products sold on the retail market in Southern Brazil. The presumptive identification of Campylobacter was performed using traditional microbiological analysis, followed by molecular confirmation by PCR. The genetic diversity of isolates was analyzed by pulsed-field gel electrophoresis (PFGE). Campylobacter spp. was isolated from 91.7% (33/36) of the samples, totaling 48 isolates. Campylobacter jejuni was the most prevalent species isolated (90.8%). PFGE data revealed 26 pulsotypes and 18 PFGE patterns composed of only 1 isolate. Campylobacter isolates exhibited high genetic diversity; however, some clones were recurrent in the poultry meat products sold on the retail market. As the south region of Brazil is an important producer and exporter of chicken meat, our results highlight the need to control this pathogen in the food chain in this area of the world to reduce the risks of exposing consumers to campylobacteriosis.
INTRODUCTION
Campylobacter is regarded as the most common bacterial cause of human gastroenteritis worldwide (Zendehbad et al., 2015) . In the European Union, campylobacteriosis is the most frequently reported foodborne disease, with around 200,000 human cases annually. However, the actual number of cases each year is estimated to be around 9 million, placing a major economic and disease burden on society (EFSA, 2014) . In the United States of America (USA), Campylobacter is one of the microorganisms most common in diarrheal diseases, which is believed to affect over 1.3 million people every year (CDC, 2017a) . In Brazil, only 37 foodborne campylobacteriosis cases were reported during the last 15 yr. The low incidence of campylobacteriosis in Brazil might be a consequence of ineffectiveness of government surveillance programs, C 2018 Poultry Science Association Inc. Received January 31, 2018. Accepted July 18, 2018. 1 Corresponding author: simone rauber@hotmail.com which lead to under-reporting and difficulty to estimate the actual number of cases (Silva et al., 2018) .
Campylobacteriosis is generally self-limiting, and almost all people infected recover without any specific treatment. However, antimicrobial therapy is necessary for patients who are deemed to be at a high risk of severe or long-lasting infections, such as immunesuppressed patients (Wieczorek et al., 2015; CDC, 2017a) . Among the post-infectious consequences, the Guillain-Barré syndrome stands out. Guillain-Barré syndrome is an acute inflammatory demyelinating disease that affects the peripheral nervous system resulting in flaccid paralysis, which can compromise the respiratory muscles and cause death (Hadden and Gregson, 2001) .
Campylobacter jejuni and Campylobacter coli species are the most important threats to public health and are responsible for a large number of cases of foodborne infection in humans (EFSA, 2011) . The majority of cases of human campylobacteriosis are associated with the consumption of raw or undercooked poultry meat or caused by the cross-contamination with foods consumed uncooked (EFSA, 2011; CDC, 2017a) . Birds, especially poultry, are regarded as the primary reservoir for C. jejuni, and can be asymptomatic carriers (O'Leary et al., 2011; Wieczorek et al., 2015) . Because these microorganisms are commonly found in the intestinal tract of poultry, they can contaminate meat during the slaughter process (Wieczorek et al., 2015) , making it difficult to remove them from the poultry processing plant due to high levels of contamination and constant reintroduction (Keenel et al., 2004) . These microorganisms can also be easily spread via cross-contamination inside the poultry processing plant (Keenel et al., 2004) . Control measures and hygienic practices in the poultry industry are essential for decreasing the incidence of initial carcass contamination; however, they are insufficient to eradicate Campylobacter from the final product (Silva et al., 2016) . The most effective strategy to reduce rates of human campylobacteriosis is to control the pathogen in a significant source such as poultry meat (Prachantasena et al., 2016) .
Despite the significance of Campylobacter as an agent of foodborne disease, there is little information available about Campylobacter contamination levels in commercially sold poultry meat in Brazil (Gritti et al., 2011) . Furthermore, legal standards have yet to be established by which the presence or counts of Campylobacter in foods are monitored or controlled (Hungaro et al., 2015) . Research in this field is necessary in Brazil because it is the world's largest exporter of chicken meat and the second largest producer, surpassed only by the USA. Moreover, according to the 2017 annual report of Brazilian Association of Animal Protein (ABPA, 2017), the south region of Brazil produces and exports more than 50% of Brazilian chicken meat.
The methods of molecular typing represent excellent tools to help prevent human campylobacteriosis, because they provide opportunities to understand the epidemiology and population genetics, as well as to understand the effectiveness of prevention and monitoring practices for the control of foodborne pathogens (Eberle and Kiess, 2012) . Furthermore, they play a major role in elucidating the genetic diversity of Campylobacter and the transmission routes of these microorganisms in the food chain (Wassenaar and Newell, 2000) . Among them, pulsed-field gel electrophoresis (PFGE) is a highly discriminatory method that has been widely used for the molecular characterization of Campylobacter spp. (Ribot et al., 2001; Eberle and Kiess, 2012; Kovačić et al., 2015; Wieczorek et al., 2015; Gomes et al., 2016) . Pulsed-field gel electrophoresis is among PulseNet's main subtyping tools (CDC, 2017b) and was currently employed in the investigation of an outbreak of C. jejuni in Colorado, USA (Burakoff et al., 2018) . It has been used successfully to identify the genetic variability of C. jejuni and C. coli (Ge et al., 2006; O'Leary et al., 2011; Alves et al., 2012; Perez-Boto et al., 2012; Abay et al., 2014; Kovačić et al., 2015; Wieczorek et al., 2015) . In Brazil, few studies evaluated the genetic relationship among Campylobacter isolates. The aim of this study was to evaluate the genetic diversity of C. jejuni and C. coli isolated from poultry meat products in Southern Brazil.
MATERIAL AND METHODS

Sampling
Thirty-six samples were collected from the retail market in Southern Brazil. For each collection, samples of carcass, cuts (breast, drumstick, thigh, and drumette), and poultry liver from the same batch of 2 brands (A and B) were obtained in a supermarket at intervals of 60 d, totaling 3 sampling events. All samples were obtained in the original package (from manufacturer) and transported to the laboratory in isothermal containers with ice. The manufacturers are not related from a commercial perspective, are located 400 km away from each other, and do not have broiler flock suppliers in common. Manufacturer A provides their products only for Brazilian retail, whereas manufacturer B exports chicken meat to 28 countries located in the Middle East, Africa, Far East, Eastern Europe, and Central America.
Isolation and Phenotypic Identification
The isolation and phenotypic identification of Campylobacter were performed in accordance with the International Organization for Standardization (ISO 10272-1:2006) , with adaptations. From each sample, 2 methods of sampling were performed. First, a representative 10 g portion (a mix of skin and meat) was aseptically weighed and added to 90 mL of Bolton broth (CM0983; Oxoid, Basingstoke, Hampshire, UK) containing a selective supplement (SR0208; Oxoid) and potassium clavulanate (Sigma-Aldrich, St. Louis, Missouri) to a final concentration of 2 mg L −1 . After, the rest of the sample was rinsed with 150 mL of buffered peptone water (BPW; Oxoid), and an aliquot (10 mL of this broth) was added to the Bolton broth supplemented according to the description above. The samples were then incubated at 37
• C for 4 h and then 42
• C for 24 h under microaerophilic conditions (5% O 2 , 10% CO 2 , and balance N 2 ; White Martins, Danbury, Connecticut).
After this period, they were streaked onto modified Charcoal Cefoperazone Deoxycholate agar (mCCDA, CM0739; Oxoid) with CCDA selective supplement (SR0155; Oxoid) and Preston agar (Campylobacter agar base CM0689 and Preston Campylobacter selective supplement SR0017; Oxoid) with 5% (vol/vol) lysed horse blood. They were then incubated at 42
• C under microaerophilic conditions for 48 h. Two presumptive colonies of Campylobacter from each plate were analyzed under the microscope by Gram staining for morphological identification. Afterwards, they were inoculated on blood agar base no. 2 (CM0271; Oxoid) with 5% (vol/vol) lysed horse blood and Columbia blood agar base (CM0331; Oxoid) to carry out the phenotypic tests of catalase and oxidase production, and hydrolysis of indoxyl acetate and sodium hippurate. The reference strain C. jejuni ATCC 33291 was used as the control.
Genotypic Identification
All isolates identified as Campylobacter were subjected to PCR for genus confirmation and multiplex PCR (mPCR) for species differentiation. The DNA of each isolate was extracted and purified using the Wizard Genomic DNA Purification Kit (Promega, Madison, Wisconsin) according to the manufacturer's protocol. The PCR genus confirmation was performed by amplifying a sequence of 287 bp of the 16S rRNA gene of C. jejuni, C. coli, and C. lari using the primers and conditions previously described (Josefsen et al., 2004) . To differentiate between the species, mPCR protocol (Maćkiw et al., 2012) was used, yielding a product of 773 bp to C. jejuni and 364 bp to C. coli. The agarose gel was stained with GelRed (Biotium, Fremont, CA) and the amplification products were visualized using a transilluminator L-Pix Touch (Loccus Biotecnologia, São Paulo, Brazil).
As a positive control, the reference strains C. jejuni ATCC 33291, C. coli ATCC 33559, and C. lari ATCC 35221 were used. Salmonella Typhimurium ATCC 14028 was used as a negative control for molecular analysis. Moreover, a mixture without addition of DNA was incorporated as a negative control reaction.
Genetic Diversity
Isolates of Campylobacter were subjected to PFGE to compare DNA profiles according to the standardized protocol used in the PulseNet program of the Center for Disease Control and Prevention (CDC, 2017b), with minor changes (Ribot et al., 2001) . Briefly, colonies were suspended in 0.85% NaCl (wt/vol) and adjusted to an absorbance of 0.680 at a wavelength of 600 nm using a spectrophotometer. DNA in agarose plugs was prepared with a 200 μl aliquot of adjusted cell suspensions, 0.2 mg of proteinase K (New England Biolabs Inc., Ipswich, Massachusetts), 1% (wt/vol) agarose gel PFGE certified (Bio-Rad Laboratories, Hercules, California) with 0.5 × Tris-Borate buffer (0.045 M Tris-borate, 0.001 M EDTA). The lysis of cells in plugs was performed with cell lysis buffer (50 mM Tris: EDTA [pH 8.0], 1% sarcosine (wt/vol), 0.1 mg of proteinase K/mL). Subsequently, Campylobacter DNA cleavage was achieved by restriction with 40 U of SmaI enzyme (New England Biolabs) at 25
• C for 2 h. DNA of Salmonella enterica serotype Braenderup strain H9812 (ATCC BAA-664) was used to determine fragment size after digestion with restriction enzyme XbaI (New England Biolabs). The macrorestriction products were separated in 1% (wt/vol) agarose gel PFGE certified (Bio-Rad Laboratories) with 0.5 × Tris-Borate buffer for 19 h at 6 V/cm, using CHEF-DR II system (Bio-Rad Laboratories) with initial and final switch times of 6.8 s and 35.4 s respectively.
After the electrophoresis run was completed, agarose gel was stained with ethidium bromide (1 μg/mL) and visualized using a transilluminator L-Pix Touch (Loccus Biotecnologia). The band profiles obtained were analyzed using BioNumerics software package version 7.1 (Applied Maths, Sint-Martens-Latem, Belgium). A dendrogram was generated by cluster analysis using the unweighted pair group method with arithmetic averages. The similarity between PFGE patterns was expressed as a Dice coefficient (position tolerance 1%). To assess the genetic diversity of Campylobacter populations, the Simpson's index of diversity was determined according to Hunter (1990) . Isolates sharing the number and position of DNA fragments were considered to belong to the same PFGE profile. The isolates that exhibited PFGE patterns that were indistinguishable from the primary enzyme were also digested with the KpnI restriction enzyme (New England Biolabs), recommended as secondary enzyme according to the PulseNet protocol (CDC, 2017b).
Statistic Analysis
A statistical ANOVA using Fishers Least Significant Difference test was performed to evaluate the isolation results. A P value < 0.05 was deemed to be significant.
RESULTS
Campylobacter was isolated from 91.7% (33/36) of the samples tested, of which 48% were from Brand A and 52% from Brand B. We did not observe a significant difference in the prevalence of Campylobacter spp. between brands (P > 0.05). Among the positive samples, Campylobacter were detected in 66.7% of the carcasses, 100% of the breasts, drumsticks, thighs, drumettes, and 83.3% of the livers analyzed. A total of 48 isolates were obtained, of which 87.5% were C. jejuni and 12.5% were C. coli. Campylobacter jejuni was significantly more frequent than C. coli (P < 0.05). Moreover, 2 samples contained the species C. jejuni and C. coli simultaneously, which were identified through mPCR.
The genetic relationship among isolates of Campylobacter analyzed by PFGE using SmaI restriction enzyme was represented by a dendrogram (Figure 1 ). The isolates that exhibited an identical genotypic profile when analyzed by SmaI restriction enzyme but differed by analysis with KpnI restriction enzyme are presented in Figure 2 . The genotypic profiles obtained from digestion with SmaI and KpnI restriction enzymes were designated as S (S1-S24) and K (K1-K26) respectively. All isolates that were genetically identical (100% similarity) with both enzymes were considered as a pulsotype. The P13 and P14 pulsotypes and the P24 and P25 pulsotypes revealed indistinguishable genotypic profiles following restriction with enzyme SmaI (Figure 1 ) but differed when digested with the KpnI restriction enzyme ( Figure 2) ; as such, they were classified as different pulsotypes (Table 1 ). Dendrogram representing the genetic relationship among Campylobacter isolated from poultry meat products evaluated by pulsedfield gel electrophoresis (PFGE) using the restriction enzyme SmaI. The dendrogram was generated by cluster analysis using the unweighted pair group method with arithmetic averages (UPGMA). The similarity between PFGE patterns was expressed as a Dice coefficient (1% tolerance in band position).
Figure 2. Dendrogram representing the genetic relationship among
Campylobacter isolated from poultry meat products evaluated by pulsedfield gel electrophoresis (PFGE) using the restriction enzyme KpnI. The dendrogram was generated by cluster analysis using the unweighted pair group method with arithmetic averages (UPGMA). The similarity between PFGE patterns was expressed as a Dice coefficient (1% tolerance in band position).
Analysis of the PFGE data for the 48 isolates yielded a total of 26 pulsotypes (isolates with 100% similarity). The Simpson's index of diversity for SmaI-KpnI restriction enzymes was high (0.95), which indicated a high level of genetic diversity among Campylobacter isolates. The use of a second enzyme increased the discriminatory power of PFGE technique. Among the 26 PFGE patterns, 9 (34.6%) were shared by 2 or more Campylobacter isolates and 17 (65.4%) PFGE patterns were composed of only 1 isolate (Table 1) , which also indicates a diversified population of Campylobacter in the products analyzed. It is important to highlight that these 26 pulsotypes were obtained from 33 positive samples.
The isolates were divided into 2 major groups (CJ and CC) according to the species, clearly demonstrating that C. jejuni and C. coli are genetically highly diverse, with an average similarity of 28.9% (Figure 1) . Moreover, the C. jejuni isolates were grouped into 2 clusters (CJ-A and CJ-B) and shared 40.4% similarity. Table 1 shows the distribution of PFGE patterns according to the sample. The predominant PFGE pattern was the P8 pulsotype composed of 7 isolates, followed by the P2 pulsotype (6 isolates). P2, P5, P8, P13, P16, and P19 pulsotypes included isolates from different samples of the same batch and brand that were manufactured on the same date. P8, P17, P18, and P23 pulsotypes included isolates from different samples of the same batch, of the same brand, and manufactured on different dates. Among the studied population, the P8 pulsotype stands out for including Campylobacter isolated throughout the sampling period. Moreover, 
the P18 pulsotype included isolates from different samples, brands, and manufacturing dates (Table 1) . In our study, 2 carcass samples were contaminated with C. jejuni and C. coli concomitantly. The carcass sample manufactured by Brand A on 6/27/13 contained C. jejuni (P2 and P17 pulsotypes) and C. coli (P23 pulsotype) isolates (Table 1) . Similarly, the carcass sample manufactured by Brand A on 9/18/13 was contaminated with C. jejuni (P6 pulsotype) and C. coli (P23 pulsotype).
DISCUSSION
There was a high occurrence of Campylobacter in the samples evaluated. Studies in Brazil have described detection rates of this pathogen in poultry meat products sold for human consumption between 0 and 99% (Aquino et al., 2002; Freitas and Noronha, 2007; Kuana et al., 2008; De Carvalho et al., 2010; Gritti et al., 2011; Alves et al., 2012; Gonçalves et al., 2012; Medeiros et al., 2012; De Carvalho et al., 2013; De Moura et al., 2013; Campos et al., 2015; Silva et al., 2016) . According to Ugarte-Ruiz et al. (2013) , the Campylobacter isolation can vary depending on the protocol used and the effectiveness of isolation, and the methods used to detect these microorganisms can also vary according to the level of bacterial contamination in the sample.
The higher prevalence of C. jejuni than C. coli in our study can be attributed to the role of chicken as primary reservoir of this species, which are normally found in high levels in the chicken's intestines during the slaughter process. These microorganisms can spread throughout the poultry processing plant by means of intestinal rupture and, consequently, contaminate the final product (Keenel et al., 2004) . Previous studies also indicate a higher prevalence of C. jejuni than C. coli in carcasses or poultry meat products (Kuana et al., 2008; De Carvalho et al., 2010 Zhao et al., 2010; Hungaro et al., 2015; Zendehbad et al., 2015; Silva et al., 2016) . However, these species were isolated in the same proportion in a study carried out by Aquino et al. (2002) in Brazil, whereas Campos et al. (2015) reported a higher prevalence of C. coli than C. jejuni in poultry meat and organs sold in Rio de Janeiro state.
Genotyping of Campylobacter exploits differences in the DNA sequences among different strains, and plays an essential role in epidemiological studies (Ge et al., 2006) . In this study, we employed PFGE to determine the genetic relatedness among 48 Campylobacter isolates from poultry meat products (carcass, cuts, and liver) sold in Southern Brazil.
The amount of unmatched PFGE patterns found in this study reflected the broad genetic diversity of isolates analyzed and, consequently, the large variety of molecular patterns present in poultry meat products sold in retail stores in Southern Brazil. O'Leary et al. (2011) also identified PFGE patterns composed of only 1 isolate in C. jejuni and C. coli isolated from retail poultry meat in Ireland (27.4% and 31.5%, respectively), and Ge et al. (2006) in 36% of C. jejuni isolates analyzed.
Pulsotypes that included isolates from different samples of the same batch and brand that were manufactured on the same date can be the result of cross-contamination during the slaughter process or the occurrence of clones contaminating the broiler flocks. According to Prachantasena et al. (2016) , genetically identical isolates are often found in broiler flocks, slaughter line equipment, and the final product. Campylobacter can be expected to contaminate meat during the slaughter process as a result of fecal contamination, and the process operations that have been considered in risk assessment are evisceration, scalding, defeathering, washing, and chilling (FAO, 2003) . Ugarte-Ruiz et al. (2013) also pointed out the significant role the slaughterhouse plays in the process of cross-contamination among broiler flocks, which can lead to contamination of carcasses from negative or not fully colonized flocks.
Pulsotypes that included isolates from different samples of the same batch, of the same brand, and manufactured on different dates, can suggest the recurrence of Campylobacter strains in the retail market given that the samples were obtained over a period of 6 mo with intervals of 60 d between each collection. Other studies have demonstrated evidence of recurrent Campylobacter strains in the meat supply (Ge et al., 2006; Zhao et al., 2010; O'Leary et al., 2011) . Zhao et al. (2010) identified by PFGE several Campylobacter clones repeatedly contaminating the same retail meat product in the USA over a 6-yr period. In Brazil, Gomes et al. (2016) found high genetic similarity among some C. coli isolated from various sources over the 16-yr study period.
Given the significant distance between manufacturers, which did not share providers of broiler flocks, it is believed that P18 pulsotype is widely distributed, because it included isolates from different samples, brands, and manufacturing dates. Similar observations were also made by Wieczorek et al. (2015) , who identified the same PFGE profiles in Campylobacter isolated from poultry caeca and carcasses collected in different regions of Poland. Kovačić et al. (2015) , in Croatia, found identical PFGE profiles in Campylobacter isolated from poultry and humans over different periods of time and in different places consecutively for 2 yr. Studies have suggested that flies play a linking role in the spread and epidemiology of Campylobacter infections by transmitting the microorganism from fecal sources to poultry and the environment (Bahrndorff et al., 2013; Royden et al., 2016) . Wild birds also help to spread campylobacteriosis to humans and other bird species (Kwon et al., 2017) .
In our study, 2 samples were contaminated with C. jejuni and C. coli concomitantly. Ge et al. (2006) reported similar results. They found multiple PFGE patterns within the same species of Campylobacter, different PFGE patterns for C. jejuni isolates in the same sample, and 1 chicken meat sample containing 2 C. jejuni and 1 C. coli PFGE patterns. It is well demonstrated that poultry carcasses frequently have the same genotype as the present in the origin flock (Duffy et al., 2015; Prachantasena et al., 2016; Silva et al., 2016) . The occurrence of clones within the broiler flocks is common due to the horizontal transmission of endemic strains among the poultry (Silva et al., 2016) . However, monitoring broiler flocks has shown that some are infected with more than 1 species or genotype of Campylobacter, suggesting various infection sources (Alves et al., 2012; Perez-Boto et al., 2012; El-Adawy et al., 2013; Duffy et al., 2015; Kovačić et al., 2015; Prachantasena et al., 2016; Silva et al., 2016) . Duffy et al. (2015) found up to 6 different genotypes of Campylobacter in the caecal samples taken from 1 chicken. Thus, it is believed that the 2 carcass samples evaluated may have been contaminated from a broiler flock infected with more than 1 species and genotype of Campylobacter, or could have been contaminated by more than one source during the slaughter process.
The high genetic diversity of Campylobacter isolates identified in our study was also reported in previous studies (Ge et al., 2006; Zhao et al., 2010; El-Adawy et al., 2013; Abay et al., 2014; Kovačić et al., 2015; Wieczorek et al., 2015) ; however, it remains poorly understood. According to Wilson et al. (2009) , the genetic diversity is influenced by the genetic instability of Campylobacter, because it is naturally competent and demonstrates a high rate of DNA recombination. They demonstrated that recombination is the primary mechanism driving molecular change, facilitating gene flow within the Campylobacter species, as well as importing genes from other sources. Furthermore, the potential of the pathogen to adapt rapidly to changes in selection pressure was highlighted. Ge et al. (2006) found evidence of genetic instability in the Campylobacter isolates evaluated, which can affect the PFGE results (Wassenaar and Newell, 2000; Wieczorek et al., 2015) and hinder the interpretation of their molecular epidemiology (Perez-Boto et al., 2012) . However, although the PFGE method has few limitations such as high cost and time consuming (Eberle and Kiess, 2012; CDC, 2017b) , it is highly discriminatory and robust (Ribot et al., 2001; Kovačić et al., 2015) . Moreover, the use of more than one restriction enzyme increases the discriminatory power of PFGE technique (Zhao et al., 2010; Kovačić et al., 2015) .
CONCLUSION
The results of this study provide important insights into the occurrence of Campylobacter in poultry meat products sold in Southern Brazil. Campylobacter isolates exhibited high genetic diversity; however, some clones were recurrent in the retail market. The south region of Brazil is an important producer and exporter of chicken meat. As such, it is of great importance to control this pathogen in the food chain to reduce the risks of exposing consumers to campylobacteriosis.
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